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Discussion of 
"AN EXPERIMENTAL STUDY OF BUBBLES 
MOVING IN LIQUIDS" 


by W. L. Haberman and R. K. Morton 
(Proc. Sep. 387) 


‘WV. L. HABERMAN! and R. K. MORTON.?—The discussion by Messrs. 
Roberson, Baker, and Ruff? has dealt with the upward and downstream motion 
of bubbles in horizontal pipes. The velocities of these bubbles are affected 
not only by the turbulence in the stream, but also by the velocity distribution 
in the pipe and by the proximity of the pipe walls. In addition, acceleration of 
the bubble in the downstream and upward direction takes place subsequent to 
release of the bubble. The velocities U and V of the equation* given by the 
discussers are, therefore, average velocities. Since effects as described 
above are included in the experimentally determined rise velocities in pipes, 
scatter in the results are to be expected. For the same reason, these ve- 
locities should not be compared quantitatively with those obtained for bubbles 
rising freely in a large quiet medium. 

The discussers have commented on the absence of scatter in Figure 2. It 
had been observed during the experiments at the Taylor Model Basin that the 
velocities of large bubbles surrounded by smaller satellite bubbles differed 
somewhat from corresponding ones free of satellites. Hence, only the results 
for bubbles which were essentially free of satellites were included in the plot. 


1. Physicist, David Taylor Model Basin, U. S. Dept. of the Navy, Washington, 
dD. C. 
2. Mathematician, David Taylor Model Basin, U. S. Dept. of the Navy, Wash- 
ington, D. C. 
3. Proc. Sep. 606. 
4. This equation for the travel (L) of the bubble should read L = — . 
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Discussion of 
"HOG FEEDING: REPORT OF A SUBCOMMITTEE 
OF THE COMMITTEE ON REFUSE COLLECTION 
AND DISPOSAL OF THE SANITARY ENGINEERING DIVISION" 


(Proc. Sep. 496) 


ROBERT P. LOWE,! A.M. ASCE, and BRYAN E. MILLER.*~The “Report of a 
Sub-Committee of the Committee on Refuse Collection and Disposal of the 
Sanitary Engineering Division,” entitled “Hog Feeding,” has been read with 
interest. It is noted that the Sub-Committee, in effect, approves of hog feed- 
ing, providing that the garbage is adequately cooked to prevent the spread of 
trichinosis and vesicular exanthema. It is understood that this approval 
hinges on the fact that a waste product is utilized which under other circum- 
stances would be wasted. However it is thought that this subject warrants 
iurther study, and it is with this thought in mind that the following questions 
are submitted for consideration: 

First, the Sub-Committee’s paper assumes that the “hog feeder” will co- 
operate both in adequately cooking the garbage and in providing proper hog 
farm sanitation. It appears that if legislation were to be adopted legalizing 
hog feeding, providing cooking facilities were adequate, that the states would 
be saddled with a formidable enforcement problem. If this happened, the ex- 
pense involved would be considerable, not to the hog feeder who might still 
have a profitable enterprise, but to the public that still has to pay for enforce- 
ment of public health regulations. In other words, it is assumed that most 
will cooperate but some might not, which makes it necessary for a state to 
maintain full-time inspectors in addition to those they already have, just to 
enforce hog feeding regulations. 

The thought is presented that a state might be wise to prohibit hog feeding 
altogether, and hence save in the overall plan. Most certainly this type of 
legislation would hurt the hog feeder badly; but would it not be for the general 
good? Again, how many deaths from diarrheal diseases are caused each year 
from flies originating at the hog farm, or how much insecticide is purchased 
by the housewife and businessman at the corner store to fight these flies? 

We do not know and are not in a position to make a reliable determination; 
but the figures might be impressive. Perhaps this warrants a detailed study. 

Each year our cities spend large amounts to fight flies. Perhaps this 
amount could be decreased if the garbage were buried or disposed of by some 
method other than by hog feeding. It is a little hard to understand why any 
city would create such a nuisance for a remuneration of a few cents per 
capita, when they are probably spending many times as much on their collec- 
tion system as well as a great deal on health problems arising from the 
practice. 


1. Associate Engr., New Mexico Dept. of Public Health, Santa Fe, N. Mex. 
2. Vector Control Specialist, N. M. Dept of Public Health, Santa Fe, N. M. 
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It is probable that in some instances the hog rancher would not have a 
profitable enterprise if he were using his own hauling equipment and pickup 
crews. Many private feeder-city hauling contracts are made with the pro- 
vision that the city haul and unload at the hog farm, often at a considerable 
distance from the city limits. An analysis of such plans would probably re- 
veal that the few dollars the feeder pays the city is but a fraction of the city 
cost in making the lengthy trip to his farm with an expensive truck and a 
three-man crew idle as far as city business is concerned. A sanitary land- 
fill or incinerator located at a convenient point would permit quick unloading 
with minimum mileage and almost immediate resumption of the pickup serv- 
ice. This again points out that in many instances municipalities may unknow- 
ingly be subsidizing private business with tax funds; actually operating with a 
net loss but mistakenly believing they are receiving revenue from their gar- 
bage. Are we financing a business for an individual at the expense of the 
public good? No doubt the problem warrants further study. 

In addition to the questions already stated, there are other facets to the 
problem. For example, if very strict regulations and legislation are adopted, 
and it appears as though this will be necessary, then it might in effect pro- 
hibit all but the very large hog farm operations. It might run the small 
operator out of business. If this were to happen, a profitable monopoly would 
be set up for a chosen few. 

In conclusion, the question has been raised as to whether or not garbage 
feeding of hogs is actually profitable and for the public good, when all factors 
are taken into consideration. This not only includes the commonly considered 
items of garbage collection, transportation, cooking and feeding; but also the 
loss of diseased animals; the cost of fly and rodent control in adjacent areas 
to the housewife, businessman and the community as a whole; the dysentery, 
diarrhea and other communicable disease incidence; and the intangible losses 
due to odors, nuisances, and perhaps devaluation of property. 

The present situation seems to suggest that the most suitable solution to 
the problem in a long-range program, is to prohibit the feeding of garbage to 
hogs under any circumstances. Where this is not feasible, because of pecul- 
iar local circumstances, cooking regulations could be temporarily used to 
give some measure of protection. The prob!«m most certainly deserves fur- 
ther study before cooked garbage receives outright approval from either the 
financial or public health viewpoints. 


689-4 


4 
| 
| 


Discussion of 
"ARTIFICIAL PRECIPITATION CONTROL" 


by Ray K. Linsley 
(Proc. Sep. 547) 


WALLACE E. HOWELL.! —The publication of the paper “Artificial Precipita- 
tion Control” by Ray K. Linsley as acurrent contribution is a disservice to the 
public, for it is two to three years out-of-date. It is also an injustice to the 
professional meteorologists engaged commercially in weather modification 
and to the industrialists whose continuing confidence has made advancement 
possible in its practical application. 

It can no longer be said that the success of precipitation stimulation re- 
mains to be demonstrated or that studies by independent agencies have failed 
to show significant precipitation increases from ground-based silver iodide 
seeding. On the one hand, there are the reports of evaluators unconnected 
with either the seeding contractor or the water user 1,2) who have reported 
significant increases; and on the other hand, there are analyses made or 
participated in by using organizations (3,4,5,6) which, while not wholly inde- 
pendent, can at least be regarded as not biased in favor of weather control. 
Furthermore, studies by independent agencies have failed to contradict on 
statistical grounds the claims of precipitation increase reported by the re- 
sponsible meteorological firms engaged in the business. (7»8,9,1 »11,12) Many 
commercial projects have been operated in areas where data are sparse and 
evaluation uncertain, and independent evaluators in such cases have ex- 
pressed opinions at odds with the operators’ reports, it is true, 13,14,15) but 
by and large the favorable nature of operators’ reports based on the more 
certain evaluations has not been seriously challenged. These statements hold 
with regard to the larger operators whose professional qualifications are 
recognized and who do the great majority of the business. Neither the 
writer’s organization nor Mr. Linsley’s readers are likely to be too con- 
cerned about the rag, tag, and bobtail of non-professional opportunists who 
share the scraps of the business. The fact that many great corporations, not 
a few of them on the advice of their own staff meteorologists, have continued 
year after year to contract for precipitation stimulation services is itself an 
indication of how far the tone of the paper is at variance with the current 
status. 

Mr. Linsley’s otherwise good reviews of the causes of precipitation, and of 
condensation and sublimation, are marred by factual errors and by exaggera- 
tion of the vagueness of theoretical knowledge. On the factual side, most 
natural freezing nuclei become active at temperatures about 0 to 10°F (self- 
nucleation, without need of outside nuclei, occurs at about -40°F), and natural 
nuclei have been very frequently observed at concentrations below one per 
liter, (16) rarely more than the one per cubic centimeter that Linsley cites as 
a low count. As to the vagueness, what other purpose is served by rehearsing 
theories of precipitation as dated as the Phlogiston theory of heat? Such 


1, Vice-President, National Assn. of Industrial Meteorologists. 
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phrases as “coalesence (sic) by collision seems to be a reasonable explana- 
tion. . .” and “the collision process might complete the job” give an im- 
pression sharply at variance with the elegance of raindrop growth computa- 
tions (17,18 19) and the success obtained in verifying these computa- 

tions (17, 20,21,22) In fact, precipitation theory is now good enough to prove 
useful in inferring certain properties of the clouds from the precipitation 
originating in them. (23) 

Extensive field experience has done much to throw light on the nature of 
the factors that Linsley discusses as affecting cloud seeding. The need for 
an adequate moisture supply for precipitation is obvious, but on a local scale 
at least, and probably on a larger scale also, adequate moisture supply does 
not always produce commensurate precipitation. For example, the convective 
system that produced the Worcester (Mass.) wy (June 9, 1953) was phe- 
nomenal in its size, rising to above 60,000 feet, ) yet it produced less pre- 
cipitation than an average heavy thunderstorm. The role of the energy re- 
lease accompanying precipitation in contributing to the circulation that sup- 
plies the moisture is an important one. Obviously, every precipitating 
system passes at least once through a marginal state, and radar investigation 
of storm systems suggests that most precipitation systems are continually 
passing through such marginal states in different parts of their structure. 
Practical experience indicates that the trigger effect of seeding is not 
unimportant. 

Theoretical solutions of the problems of overseeding and underseeding 
and “marksmanship” in directing stimulation on a specified target will re- 
main beyond us until much more is discovered about the activity of natural 
and artificial nuclei in natural conditions. However, all the useful arts, from 
cookery to woodworking, are essentially empirical, as is commercial pre- 
cipitation control. Alloys of wide usefulness were produced long before their 
physical nature was understood, and the demand for alloys sparked much 
basic research in solid-state physics that has led to improved alloys. Simi- 
larly, rainmaking has proven useful in advance of answers to these questions 
or meteorological physics, is giving enormous impetus to the search for 
them, and will doubtless benefit from them in the future. In the meantime, 
there is such a wide range of opinions on such questions as the photolysis of 
silver iodide that almost any viewpoint can be bolstered by a suitable selec- 
tion of references. The fact of overriding importance relative to artificial 
precipitation control is still the striking effect that silver iodide smoke is 
observed to have on the structure and development of suitable clouds and the 
precipitation from them. 

Not only has the number of field experiences with cloud seeding increased 
rapidly since the latest referred to by Mr. Linsley, but technical advances 
have also been made in the application of statistics to the analysis of them. 
Important among these advances is the systematization of the intuitive im- 
pression that a number of favorable but individually insignificant results must 
be more significant. (8,9) For example, the points shown in Fig. 3 of Linsley’s 
paper are not impressive individually, but they do show a marked tendency to 

fall above the regression line. How significant this tendency is may be de- 
termined by a technique of combining the indications of significance from the 
individual points. In the instance illustrated, the probability of chance oc- 
currence of the combined departures from the regression line being as favor- 
able as that shown in 0.075, which approaches significance at the five percent 
level. It does not require many such experiences to establish the certainty of 
stimulation beyond any reasonable doubt. 
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A comparison of one of the conclusions, as summarized in Table 1, with 
the original report is illuminating. Linsley’s summary of the Pend Oreille 
Basin project: “Slight increase in runoff in one of three seeded months.” 
Quoted from page 10 of the report (see reference in Linsley’s paper): “Com- 
parisons of runoff showed consistently higher amounts from the target area 
with respect to the control areas for the months of August, September and 
October 1951, September being the most abnormal of the three months.” How 
abnormal is suggested by the table on page 72 of the same publication, which 
lists an increase of 321% in September with probability of chance occurrence 
between .01 and .005. The report further makes it clear that operation of the 
Pend Oreille project proper was limited to the month of September, while 
other projects in and around the target (including the control area in their 
sphere of influence) were conducted in the other months. It is not clear to 
which of the three months Linsley’s summary alluded. 

The hypothetical case that Linsley sets up for hydrological analysis seems 
absurd to the writer. The reservoir capacity, for example, Linsley uses 
completely on the last day of each water year, leaving it untapped until the 
same date of the next year. In practice, of course, some part of the storage 
capacity is used many times over in the course of a water year. Obviously, 
too, if any project were to be set up on an expectancy of one-year-in-ten 
utilization, its cost for the period would be a fraction of that for full opera- 
tion during ten years. The incremental runoff due to rainfall added by stimu- 
lation is always at a higher ratio than the average runoff rate because such 
losses as evaporation and transpiration tend to behave as fixed losses rather 
than being fully proportional to the precipitation. It is more instructive to 
turn to the report of an actual project, again the Government’s committee re- 
port on the Pend Oreille seeding. “Although the probable increase to inflows 
at Grand Coulee due to cloud seeding was estimated to range from 1,000 to 
2,000 second-feet, compared with 11,790 second-feet required to raise the 
minimum flows at Grand Coulee to median monthly flows, the estimated in- 
crease if it were realized was nevertheless important. Power analyses 
showed that 1,250 second-feet in average daily flow during the months of 
October, November and December would increase power generation about 
84,000,000 kilowatt-hours and power revenues about $210,000. The indicated 
benefits were far in excess of estimated costs.” The Pacific Gas & Electric 
Co. (see ref. 3) also reports satisfaction concerning the economic return 
from its precipitation stimulation projects, and presumably the same motive 
is behind continuance of the rest of the more than a score of stimulation proj- 
ects being operated for hydroelectric and other industrial interests. 

A most important development in the legal aspect of weather modification 
was the appointment in 1953 of the Advisory Committee on Weather Control. 
This body has required the submission of certain operating records, collected 
extensive past records of weather modification experiences, held a number of 
hearings relating to research and evaluation, and outlined a program for the 
discharge of its responsibility to recommend to the Congress suitable federal 
legislation for the regulation of weather control. 

In his discussion of contracts, Linsley again seems to underestimate the 
knowledgeability of the sponsoring firms. The economic justification for 
weather control derives from the productive value of the added water. It is 
the users, not the meteorological firms, who are able to convert this value 
directly into earnings. They back rainmaking experimentation for the same 
heads-up reason that industries back any other promising industrial research. 
They have the choice of performance-type contracts if they prefer them to the 
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fixed-fee type, and in this case the performance is assessed on the basis of a 
pre-agreed target-control relationship and official data or the records of the 
sponsor, even though the actual report may be published by the operator. (6,7) 
But obviously, in a performance-type contract, where the operator may be 
done out of his costs by a quirk of nature, he must be offered commensurate 
opportunity to collect a bonus. In most cases, as it turns out, the sponsor 
prefers to pay a fixed fee and keep the watermelon for himself. 

The first four of Linsley’s conclusions and part of his sixth are, of course, 
completely paraphrased from the May, 1953, statement of the Council of the 
American Meteorological Society (see bibliography in Linsley’s paper). Even 
now the Council has before it, it is understood, a proposal that its statement 
of two years ago should be modified and brought up to date, as it was once be- 
fore. The statement that seeding offers no relief from serious and prolonged 
drought is introduced without previous discussion or presentation of any 
grounds and is, in the writer’s opinion, inaccurate. 

With the final two recommendations the writer’s organization is in hearty 
agreement. They would hardly be called for, however, if the earlier conclu- 
sions were really to be verified. 
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Discussion of 
"POLLUTION OF THE MISSISSIPPI RIVER NEAR 
NEW ORLEANS" 


by Frank W. MacDonald 
(Proc. Sep. 552) 


C. G. GUNNERSON, ! A.M. ASCE.—The problem of finding a suitable index 
for determination of bacterial pollution of surface waters has well been 
emphasized by the author. 

Recent studies by the City of Los Angeles to evaluate the operation of the 2 
Hyperion Sewage Treatment Plant2 have included an analysis of the bacterial 
pollution of Santa Monica Bay. A comparison of a number of measures of 
central tendency, including the arithmetic mean, geometric mean, median, 
and graphically determined? mean densities of coliform bacteria (Figure 1), 
strengthens the author’s conclusion that the average (arithmetic mean) is an = 
unsatisfactory index of pollution. 

It is noteworthy that similar relationships between the various indices of 
pollution exist in both the grossly polluted fresh waters of the Mississippi 
River and the comparatively moderately polluted salt waters of the Pacific 
Ocean. 

The selection of an index of pollution will depend upon its application, 
since equivalent standards of limiting bacterial densities can be readily de- 
termined for each of the several indices. For public health purposes, the 
most easily derived and applied standard, such as the arithmetic mean, has 
obvious advantages. For determination of operating characteristics of a 
water or sewage treatment plant, however, it may be necessary to determine 
as nearly as possible the actual bacterial density of a given water sample, 
and it is here that the use of the geometric mean M.P.N. is indicated. Where 
a lower order of accuracy is satisfactory, the median M.P.N. will be of 
value, 


JERE W. HIGGS, JR.,* J.M. ASCE.—The author has presented some inter - 
esting data on one aspect of pollution in the Mississippi River near New Or- 
leans. There are several points which to the writer seem to need clarifica- 
tion, however. 
The particularly erratic MPN values observed for samples collected from 
the Algiers intake, when compared with test results from the Carrollton In- 
take, as well as the unusually high Algiers values, would indicate to the 
writer the possibility of an unfortunate intake arrangement. An evaluation of 
these data should include an investigation of the local flow conditions with ae 


1, Civil Engr., Bureau of Sanitation, Los Angeles, California. : 

2. Annual Report of the Bureau of Sanitation, 1952-53, Dept. of Public Works, 
Los Angeles, Calif. 

3. Velz, C. J., “Graphical Approach to Statistics, Part IV,” Water and Sewage a 
Works, Feb. 1951. 


*Engr., Pyburn & Odom, Cons. Engrs., Baton Rouge, La. 
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regard to even minor pollution at some location permitting more or less 
direct flow to the Algiers intake. It would scarcely seem possible that pol- 
lution resulting from (a) squatters, (b) ships, and (c) wastes from unsewered 
industrial plants, as listed by the author, all occurring within about nine 
miles of river, would be sufficient to raise the MPN for the entire Missis- 
sippi River the amounts shown in the author’s table on page 552-4 for the Oc- 
tober 28-30, 1952, sample series. The discharge on these dates, incidentally, 
ranged from 108,000 to 103,000 cfs. at the Baton Rouge discharge range. (1) 

. The writer would be interested in a sketch of the intake arrangements and the 
comments of the author concerning this aspect of his investigation. A series 
of samples across the Mississippi at the location of the Algiers intake should 
also provide interesting data, as would analyses of samples from the West- 
wego, Marrero, and Gretna water supply intakes. The writer would be in- 
clined to question the data presented for the Algiers intake as representative 
of the river itself at this point in the absence of more supporting data. 

The author’s discussion of the significance of the dissolved oxygen con- 
tent is believed to have been so simplified for presentation as to be mislead- 
ing. The maintenance of fish life does not depend upon the dissolved oxygen 
saturation value, but, partially, upon the actual amount of dissolved oxygen 
present in ppm. Even when the D. O. content is considered in ppm, it is not 
believed permissible to establish definite and unqualified limits for fish life. 
Reports are available citing fish maintenance at D. O. contents as low as 
2.0 ppm, 2) and the writer has observed fish normally considered intolerant 
to low oxygen contents (bream and perch) become acclimatized, in a natural 
habitat, to D. O. contents of 1.5 ppm and less. 

It should also be noted that the “self purification” process in a stream 
does not cease or necessarily become retarded by the depletion of oxygen. 
The absence of D. O. or its depletion indicates that oxygen is being used by 
oxidizing bacteria and other agents at a rate greater than it is being ab- 
sorbed. Such a use rate in itself requires the oxidation of organic matter, or 
a continuation of “self purification.” 

“Self purification” can also be accomplished under anaerobic conditions 
through somewhat different processes and by different bacteria. 

The author has emphasized the bacterial and organic aspects of Missis- 
Sippi River pollution. It would seem that some mention should also be made 
of pollution by inorganic materials. 

The recovery from organic pollution resulting from discharge of the New 
Orleans sewage is shown by the author to be largely accomplished upstream 
from the American Sugar Refinery (see Figs. 3 and 4). These data would 
tend to signify that organic pollution as it presently exists in the Mississippi 
is largely a local phenomenon. In a paper with so comprehensive a title a 
discussion of the more general aspects of Mississippi River pollution would 
seem indicated. 

To the writer it seems that impairment of the quality of Mississippi River 
water as the result of inorganic pollution is a much more immediate prob- 
lem than impairment by organic pollution, and one certainly deserving of 
some discussion. For example, New Orleans is plagued with periodic chlo- 
ride pollution occurring as a consequence of salt water intrusion from the 
Gulf. A maximum chloride concentration of 381 ppm was observed at the 
Carrollton intake during the extreme low water of 1936. During the same 
period the chloride concentration at Algiers reached 620 ppm. ) In view of 
these data, the author’s conclusion that “The quality of the water. . . at the 
intake of the Carrollton Purification Plant. . . meets the accepted standards 
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for chemical quality” seems to require qualification. 

J Continuing industrial development in the Mississippi Watershed, which in- 

cludes approximately 41% of the continental United States, as pointed out by 

the author, leads to a continuing increase in the quantity of industrial wastes. 

The inorganic constituents of these wastes, occurring in surprisingly large 

- quantities, are not subject to oxidation or removal during their passage 

downstream. 

+ It should also be noted that treatment for removal of inorganic pollutants 
is, in many instances, much more expensive than treatment for organic pol- 
lution. In the case of chloride pollution, the expense of treatment for their 
removal from domestic supplies is, of course, prohibitive. 

Turbidity is also considered as an index to the suitability of water for 
domestic and industrial supply, as shown in Table 5. Turbidity in the Mis- 
sissippi is so commonplace as to be generally ignored and not considered as 
pollution, but an analysis of its occurrence and significance would be of con- 
siderable value in assessing pollution patterns. 

The average turbidity at the Carrollton Intake as of 1950 was 535 ppm, 
with a maximum of 1770 ppm and a minimum of 55. 4) A comparison of these 
figures with the quality standards shown in Table 5 is indicative of their 
significance. It would seem to the writer that the normally high turbidity 
values would largely obviate the significance of photosynthesis as an oxygen 
source in the Mississippi, as mentioned by the author, except during periods 
of low flow and turbidity. A correlation of turbidity data with D. O. data 
would be of interest in this connection. 

The economy of Mississippi River water treatment and use near New Or- 
leans with regard to pollution is certainly more affected by the presence of 
inorganic constituents than by organic materials; and any assessment of cur- 

crent pollution in this location should give due recognition to this fact. 

u The author should be commended for focusing attention on the pollution 

problems which exist in the largest waterway in the United States. Pollution 

of the Mississippi River is the most comprehensive pollution problem with 
which American engineers are faced. It will require extensive study if equit- 
able water pollution control measures are to be formulated. 
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Discussion of 
"FUNDAMENTAL CONCEPTS OF RECTANGULAR SETTLING TANKS" 


by Alfred C. Ingersoll, Jack E. McKee, and Norman H. Brooks 
(Proc. Sep. 590) 


THOMAS R. CAMP, ! M. ASCE.—This paper is a welcome addition to the 
very sparse literature on the theory of sedimentation. Much remains to be 
done in perfecting rational theories of sedimentation and in applying these 
theories to the economic design of settling tanks. The authors of this paper 
are to be congratulated on their grasp of the proper methods of approach and 
should be encouraged to carry on their research both in the development of 
theory and the testing of the theory by experiment. The following comments 
by the writer are made with the hope that they will lead to a better under- 
standing of theories so far developed and will thus be helpful to future re- 
search in this field. 

The authors refer to experiments by McNown and Lin which show reduc- 
tions in settling velocities due to hindered settling which are very much 
greater than the reductions indicated by Fig. 3 of the writer’s paper, “Sedi- 
mentation and the Design of Settling Tanks,” Transactions ASCE, 1946, p. 
899. The graph presented by the writer was based on experiments by 
Kermack, McKendrick and Ponder on red blood cells, by the writer on lucite 
spheres and by the writer on round sand grains. The wide discrepancy be- 
tween the results obtained by McNown and Lin and those shown in the writer’s 
Fig. 3 indicates the need for a critical study of the methods of the test in each 
case and possibly the need for further experimental measurements. 

The author’s presentation of new means for measuring the efficiency of 
settling tanks is of academic interest but of little practical value to sanitary 
engineers because the method deals entirely with suspensions of discrete 
particles, whereas nearly all of the suspensions dealt with in practice by 
Sanitary engineers are suspensions of flocculent particles. There is no such 
thing as a settling velocity analysis of a suspension of flocculant particles be- 
cause the number of particles and the settling velocity of each are changing 
continuously because of flocculation. 

The authors have analyzed the results of settling tests made at the Univer- 
sity of Wisconsin with a suspension of small wax spheres and of settling tests 
made at Purdue University with a suspension of diatomaceous silica. In the 
former case, removal was accomplished by flotation, since the wax spheres 
were lighter than water, and in the latter case removal was accomplished by 
settling. The analysis of the results of these experiments made by the 
authors consisted of a comparison with removal which would be expected || 
from an “ideal” tank and the removal which might be expected from an 7 
“ideal” tank modified by turbulent eddies. The authors found that the actual 
removal was very much less than indicated for the “ideal” tank and could not 
be explained by turbulent eddies generated from the drag on the walls and 
floor of the tanks. The authors conclude that a more plausible explanation 
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for the smaller removal is in scour from the top of the deposited sludge. 
They reached the further conclusion that scour of the sludge must be much 
greater than indicated by the experiments of Shields and others which were 
used as a basis for the writer’s equation for critical scouring velocity (Equa- 
tion 12 of 1946 paper). The writer questions the validity of these conclusions 
by the authors and suggests that they are the result of the authors’ failure to 
give due consideration to the overpowering effect of residual turbulence from 
the inlets of the basins used in the Wisconsin and Purdue tests. The authors 
took cognizance of turbulance generated by the inlets, but they did not evalu- 
ate its great magnitude. 

The authors argue that the writer’s equation for critical scouring velocity, 
derived from studies and experiments by Shields and others, does not apply 
to deposits of light flocculent materials because the bed Reynolds number for 
flocculent materials in a settling tank will be much less than the bed Reynolds 
numbers corresponding to the experiments of Shields and others. The 
writer’s equation is a rational derivation involving the assumption that the 
critical tractive force is directly proportional to the size and net density of 
the particles to be scoured. The results of Shields’ experiments, reproduced 
in the writer’s Fig. 11, show that this assumption is approximately valid with 
the value of the proportionality factor B ranging from about 0.03to0.07. There is 
no reason to conclude that this assumption cannot also be made outside the range 
of the Shields experiments, provided the value of 8 is known approximately. 

The authors argue that the mechanism of scour in a water or sewage set- 
tling tank is completely different from the usual conception of bed-load move- 
ment. They state that before the shear is sufficient to cause the material to 
slide or roll along the bed, the turbulent eddies in the stream will be strong 
enough to lift the material off the bed in gusts or “puffs.” The writer believes 
that the mechanism of scour is the same wherever it exists and that it is a 
combination of rolling and lifting by puffs. 

The vertical velocity fluctuations at the wall are zero, even though they 
may be equal to the friction velocity near the wall. For this reason, the value 
of the vertical velocity fluctuations must be much greater than the settling 
velocity of a particle in order to lift the particle. For example, in the tunnel 
section reported by Langelier and mentioned hereinafter where alum floc was 
settled with no scour at a channel velocity of 12 fpm, the friction velocity was 
0.011 fps or some six times the settling velocity of a 0.1 mm particle with a 
specific gravity of 1.2. 

The writer’s Fig. 14 showing the effect of turbulence in retarding sedi- 
mentation, which was used by the authors in their Fig. 9, is a graphical 
representation of the theory derived by Dobbins to show the effect of turbulent 
mixing induced by the drag on the walls and floor of the tank or channel. No 
account is taken in this theory of residual turbulence from the tank inlet. The 
theory is applicable, therefore, only to grit chambers where the velocity at 
the inlet end is reduced by only a half to three-fourths and to very long set- 
tling tanks where the effect of velocity reduction at the inlet end is masked by 
the great length of the tank. 

The experimental basins used at Wisconsin and Purdue were much too 
short to be of any use in interpreting the theory for an ideal tank as modified 
by drag-induced turbulence. The tanks were not long enough to produce a 
uniform flow velocity distribution. Moreover the high inlet velocities, 
amounting to twenty-five times the tank velocity for the Wisconsin tank and 
12.5 times the tank velocity for the Purdue tank, further interfered with the 
possibility of developing stable flow patterns in the tanks. 


689-16 


| 
| 


The loss of head through the Wisconsin tank, due to drag on the walls and 
floor, has been computed by the writer for the case with the 5-ft width and 
2-ft depth, using the Weisbach-Darcy formula with a value of f arbitrarily 
taken at 0.024. The resulting head loss is 0.054 times the velocity head in 
the tank. The corresponding loss of head in the inlet slots is 625 times the 
velocity head in the tank. The resulting ratio of the loss in energy at the in- 
lets to the loss in energy due to drag on the walls and floor is 11,600 to 1. A 
similar computation for the Purdue tank, using a 6-ft width and a depth of 
2.1 ft shows that the energy loss from turbulence in the inlet jets is 2800 
times the energy loss due to drag on the walls and floor. 

All of the energy in the inlet jets is lost in turbulent eddies within the tank 
itself. It should be obvious that the turbulence produced by the inlet jets is of 
far greater importance in retarding settling than the turbulence produced by 
the drag on the walls and floors. 

Most of the energy in the inlet jets is doubtless dissipated in the upstream 
end of the tank, but very slight differences in energy between the top and 
bottom or between jets will induce short-circuiting and encourage density 
currents. In tanks which are long enough to develop a drag along the walls 
and floor, the drag will tend to stabilize the effects of the inlet jets. No such 
stabilizing effect is possible, however, for the experimental tanks at Wis- 
consin and Purdue. 

Another method of comparing the relative effects of drag-induced turbu- 
lence and inlet-induced turbulence is through the value of the mixing coef- 
ficient. If it be assumed that the mixing is uniform throughout the tank, 
whether induced by drag or by the inlet jets, the mixing coefficient is propor- 
tional to the square root of the head loss. Thus for the Wisconsin tank the 
mixing coefficient for the jets is 108 times the mixing coefficient for the drag 
and for the Purdue tank the mixing coefficient for the jets is 53 times the 
mixing coefficient for the drag on the walls and floor. 

The authors state that the writer’s formula for critical channel velocities 
to prevent scour works well for sand particles in a grit chamber but unfortu- 
nately does not apply to the fine light flocculent material that forms the upper 
layer of the sludge blanket in a water or sewage tank. The formula was de- 
rived from the results of experiments on discrete particles of sand, barite, 
granite, lignite and amber. It is true that none of these materials are floc- 
culent, but there is no reason to conclude that flocculent materials are not 
also scoured by means of the same drag forces. In the writer’s opinion floc- 
culent materials are less easily scoured than granular materials of the same 
density and effective size because of their adhesive characteristics. The 
authors suggest that flocculent materials are more easily scoured. 

The authors suggest that the problem of scour by turbulent eddies be ap- 
proached through suspended load theory. There is no such thing as contin- 
uous suspension of particles heavier than the fluid. What appears to be con- 
tinuous suspension is alternate settling out and scour. The Vanoni equation 
for suspended load suggested by the authors is a relation between the con- 
centrations of suspended matter at two depths above the bottom for steady 
uniform flow conditions. The concentrations at both depths depend upon the 
existence of and are the result of scour at the bottom. The writer’s equation 
for impending scour is a limiting condition in which there is no suspended 
matter above the bottom which was placed there by scour. Obviously, the 
suspended load theory is not applicable to impending scour. 

In applying the suspended load theory to problems of scour, the authors 
find it necessary to select an arbitrary value of the exponent Z which is not 
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supported by any experimental observations. In the authors’ example to de- 
termine the depth of a tank for the settling of organic particles having a den- 
sity of 1.2 and a size of 0.06 mm, they find a minimum depth of 2.2 ft by 
means of the writer’s formula for impending scour and a minimum depth of 
15.5 ft by the authors’ method. The writer presumes that the authors’ selec- 
tion of particle density and size was an effort to determine probable mini- 
mum depths for settling tanks in water and sewage treatment plants. The 
authors’ example indicates a maximum tank velocity of about 1 fpm. There 
are numerous settling tanks in use for water and sewage treatment plants 
which are performing very satisfactorily with very much higher tank veloci- 
ties than 1 fpm. 

The long narrow rectangular primary settling tanks for the Detroit sewage 
treatment works are designed for a velocity of 5.17 fpm. The wide rectangu- 
lar sedimentation basins for the Springwells water filtration plant at Detroit 
are designed for a velocity of 3.12 fpm. The mean velocity in the upper 
passes of the tray settling tanks for the Cambridge (Massachusetts) filtration 
plant is 5.8 fpm at nominal plant capacity with both basins in operation and 
11.6 fpm with one basin in operation. Experience indicates that the sludge 
starts to scour when one basin is taken out of service for cleaning. Alum 
flocculation is used at the Cambridge plant. The authors are also referred to 
the writer’s paper, p. 930, in which the following statement is made: “Re- 
porting on a tunnel section with a flow velocity of 12 fpm, W. F. Langelier 
stated that settling had been unusually effective in removing turbidity and 
color from an alum-coagulated water. For this suspension it is evident that 
Ve was greater than 12 fpm. Since a velocity of about 18 fpm (0.3 fps) is 
considered a minimum for baffled mixing chambers to avoid too much set- 
tling of floc in the chamber, it appears that 18 fpm is greater than V, for 
alum and iron floc.” 

The commonly-held opinion, concurred in by the authors, that the design 
of inlet structures is extremely important is the direct result of the common 
practice of using settling tanks which are much too short. If settling tanks 
are made sufficiently long and are preceded by flocculation chambers at the 
upstream end, the entire problem of inlet design is removed. In very large 
treatment plants with a large number of settling tanks in parallel, it is nec- 
essary to bring the suspension into the inlet ends of the tanks at high velocity 
in order to accomplish acceptably uniform division of the flow between the 
tanks in the battery. The designer must accept these high velocities, but if 
he brings the flow into flocculation basins at the upstream ends of the set- 
tling tanks, the high velocity is of no importance. With this procedure, the 
inlet velocity to the settling tank is the exit velocity from the flocculation 
chamber and it may be made as low as is desired. 

If it is necessary to bring the suspension directly into the settling tank at 
high velocity, the best compensation therefore is a long narrow tank. Only an 
inlet baffle is necessary in front of the inlet pipe to deflect the flow back- 
wards against the end wall of the tank. There will, of course, be residual 
turbulence from this inlet velocity which will occupy a considerable portion 
of the upstream length of the tank. With a relatively high velocity and a 
small hydraulic radius the drag on the walls and the floor will tend to stabi- 
lize the flow pattern in the tank. The improved results obtained by Hayden by 
means of baffles can be explained by the more stable flow patterns resulting 
from increased drag. The inclined traverse baffles suggested by the authors 
are intriguing. Tanks equipped with such baffles will be relatively more 
costly than shallower tanks without them, but for tanks requiring storage and 
consolidation of the sludge the baffles might be helpful. 
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